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Description 
TECHNICAL FIELD 

[0001] The invention relates to a device for measuring 
the difference between incoming liquid flow to a dialysis 
machine and outgoing liquid flow from a dialysis ma- 
chine. This flow differential is related to the ultra- filtra- 
tion volume which arises in a dialyser connected to the 
dialysis machine. 

[0002] The invention also relates to a method for cal- 
ibrating such a device with the help of concentrate 
pumps which are normally included in a dialysis ma- 
chine. 

BACKGROUND OF THE INVENTION 

[0003] The present invention is intended to be em- 
ployed in a dialysis machine for measuring and/or mon- 
itoring the ultrafiltration during the dialysis procedure. A 
dialysis machine in which the invention can be em- 
ployed is disclosed in EP-B1-0 278 100 which describes 
a dialysis machine corresponding essentially to GAM- 
BRO AK 100. 

[0004] Such a dialysis machine is provided with an in- 
let for an incoming liquid flow, such as pure water, and 
one or more inlets for concentrate. The liquids from 
these inlets are mixed to form a dialysis solution, called 
dialysate, which is supplied to a dialyser 
[0005] The dialyser includes a membrane which di- 
vides the dialyser into a blood side and a dialysate side. 
The dialysis solution passes over the dialysate side and 
cleans the blood by means of transporting impurities 
such as urea from the blood through the membrane to 
the dialysis solution and transporting necessary sub- 
stances such as bicarbonate from the dialysis solution 
to the blood. In addition, a quantity of the liquid content 
in the blood, blood plasma, is drawn from the blood to 
the dialysis solution, a so-called ultrafiltrate. 
[0006] The dialysis solution is returned to the dialysis 
machine and discharged as an outgoing liquid flow from 
the dialysis machine to a drain. 
[0007] Furthermore, the dialysis machine comprises 
a number of various means for regulating the composi- 
tion of the dialysis solution, for achieving sufficient pres- 
sure and flow conditions for the dialysis solution, as well 
as for regulating and transporting the blood flow on the 
dialyser's blood side. Thus, the dialysis machine in- 
cludes a flow measuring device for measuring the dial- 
ysis solution flow to and from the dialyser and calculat- 
ing the ultrafiltrate as a difference between these flows. 
[0008] DE-A1-41 27 675 discloses a method and de- 
vice for monitoring the fluid flow in a conduit. A heat im- 
pulse is supplied to the fluid and the increase of temper- 
ature due to the supplied heat energy is used as a 
mesurement of the mass flow through the conduit. This 
principle is called a thermal flow meter. 
[0009] US-A-4 530 759 discloses a method and de- 



vice for measuring the ultrafiltrate in a dialysis machine 
using a balancing device. The balancing device induces 
an error in the ultrafiltrate measurement due to different 
temperatures in the two balancing chambers, resulting 
5 in a small change of density. This error is compensated 
for by measuring the temperature difference and apply- 
ing a correction. 

SUMMARY OF THE INVENTION 

10 

[0010] In a medical dialysis apparatus, it is customary 
to use a second independent measuring devices for 
safety monitoring of significant properties and operating 
parameters of the dialysis machine. 
15 [001 1] The main object of the present invention is to 
suggest a device which monitors the ultrafiltrate totally 
independently of the normal operation of the dialysis 
machine. 

[0012] According to the present invention, the use of 
20 a thermal flowmeter for measuring the ultrafiltration is 
proposed. 

[0013] A thermal flowmeter uses the following equa- 
tion: 

P = QxCxAT (1) 

in which P is the power which is supplied to the liquid 
and which brings about a change in the temperature of 
30 AT during a mass flow Q and heat capacity C of the liq- 
uid. 

[0014] Moreover, it is noted that many dialysis ma- 
chines today already include, from the beginning or as 
an option, a heat exchanger which recovers a quantity 

35 of the heat content in the outgoing liquid flow from the 
dialysis machine and transfers this to the incoming liquid 
flow to the dialysis machine. In this manner, the heating 
requirement within the dialysis machine is reduced 
which is an advantage particularly when the power sup- 

40 ply from the mains is limited. The heat exchanger can 
be built into the machine or can be arranged as an ac- 
cessory outside the machine. 

[0015] A transfer of heat energy occurs in the heat ex- 
changer from the secondary side to the primary side. 

45 The transferred heat energy can be expressed as a loss 
of heat energy when the liquid passes through the sec- 
ondary side of the heat exchanger and/or as an addition 
of heat energy when the liquid passes through the pri- 
mary side of the heat exchanger. The flow differential 

50 between the secondary side and primary side of the heat 
exchanger can be expressed as a function of the tem- 
perature differences across the primary side and the 
secondary side, as well as the total flow through the heat 
exchanger. 

55 [0016] In a preferred embodiment of the invention, the 
total flow through the primary side of the heat exchanger 
is measured with a second thermal flowmeter within the 
dialysis machine. The dialysis machine comprises a 
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healing device for heating the incoming liquid flow to ap- 
proximately body temperature, for example 38°C. By 
measuring the temperature increase across the heating 
device, as well as the supplied electrical power, the flow 
through the heating device can be calculated according 
to the above equation. 

[0017] As mentioned above, the dialysis machine 
comprises inlets for concentrate. These inlets contribute 
to the flow differential mentioned above. In order to ob- 
tain the ultrafiltrate, the incoming concentrate flows 
must be subtracted from the calculated flow differential. 
However, the additions of the concentrate flows occur 
by means of dosage pumps with known and constant 
displacement, for example ceramic pumps. Accordingly, 
the concentrate flows are known, for which reason the 
ultrafiltrate can be calculated. Compensation can also 
be made for power losses which affect the thermal proc- 
esses, as well as for changes in the heat capacity and 
density of the fluids involved. 

[001 8] According to the invention, one of the concen- 
trate pumps can be used to calibrate the ultrafiltration 
measuring device. Thus, the dialyser is shunted so that 
no ultrafiltration takes place and the concentrate pumps 
are set to predetermined "ordinary" values. Then, one 
of the concentrate pumps is set to an increased flow and 
the measuring device according to the invention is cal- 
ibrated in principle to correspond to the increased value 
of that concentrate pump. 

[0019] Further properties and features of the inven- 
tion will be apparent from the annexed claims to which 
reference is hereby made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Further objects, advantages and features of 
the invention will be apparent from the following detailed 
description of preferred embodiments of the invention, 
with reference to the attached drawings. 
[0021] Fig. 1 is a schematic view of a measuring de- 
vice according to the invention connected to a dialysis 
machine. 

[0022] Fig. 2 is a connection diagram which shows 
how the measuring device can be arranged to achieve 
reliable measuring values. 

[0023] Fig. 3 is a cross-sectional view which shows 
the heat exchanger and the heating device as they can 
be designed in practise. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] A dialysis machine is shown in Fig. 1 in which 
the present invention can be applied. 
[0025] The dialysis machine 1 comprises an inlet 8 for 
pure water. Via a valve 9, the inlet 8 leads to the primary 
side 11 of a heat exchanger 10. The valve 9 can be a 
shut-off valve and/or a pressure regulating valve. 
[0026] From the primary side 1 1 , water is fed to a heat- 



ing device 14 where the incoming water is heated to ap- 
proximately body temperature, for example about 38°C. 
The water passes from the heating device 14 through a 
conduit 15 provided with two inlets 16, 17 for concen- 
5 trate. 

[0027] The first inlet 1 6 is associated with a container 
6 which contains A-concentrate (Acid concentrate). The 
concentrate in the container 6 is drawn up by a pick-up 
tube 7 and passes via a tube 13 to a concentrate pump 
18. The concentrate pump 18 is for example a ceramic 
type pump and consists of a very accurate dosage 
pump. The volume of concentrate which is introduced 
via the inlet 16 is thus determined very accurately by the 
number of revolutions of the dosage pump 18. 
[0028] A second concentrate, B-concentrate (Bicar- 
bonate concentrate), is introduced via the second inlet 
17 by means of a second concentrate pump 19. Water 
is drawn via a branch conduit from the conduit 15 shortly 
after the heating device 1 4 and is introduced in the upper 
part of a cartridge 5 containing the bicarbonate in pow- 
der form. The water passes through the powder and 
forms a solution of bicarbonate which is substantially 
saturated. By means of the concentrate pump 19, the 
desired quantity of B-concentrate is introduced via the 
inlet 17. 

[0029] The conduit 1 5 contains various devices which 
are necessary in a dialysis apparatus, for example con- 
ductivity cells for measuring and controlling the dosage 
pumps 18 and 19. In addition, a degassing device, a 
pump device, a pH-measurer etc are provided. These 
devices are symbolized by the box 20 but can be located 
at different points along the conduit 15. After the device 
20, the thus ready prepared dialysate is supplied to a 
first flow measuring cell 21 and further via a valve 22 to 
a dialysate outlet 23. 

[0030] A dialyser is shown schematically by reference 
numeral 2 and is provided with a tube 3 for connection 
to the dialysate outlet 23, as well as a tube 4 for con- 
nection to a dialysate inlet 24. As indicated by dashed 
lines in Fig. 1, the tubes 3 and 4 can be connected to a 
shunt conduit 25, for example during the start-up phase 
of the machine, as well as during disinfection, etc. 
[0031] Dialysis of the blood occurs in the dialyser, 
which means that ions pass through the membrane of 
the dialyser from the dialysate to the blood and vice ver- 
sa. In addition, a fixed quantity of blood plasma is drawn 
out in the form of an ultrafiltrate. 
[0032] The dialysis solution flows from the dialysate 
inlet 24 through a valve 26 to a second flow measuring 
cell 27 and further via a number of devices which are 
symbolized by the box 28 to the secondary side 12 of 
the heat exchanger 10 and further to an outlet 29 which 
is normally connected to a drain. The box 28 contains, 
for example, a blood leakage detector, a pump device, 
pressure and temperature measurers, etc, which are 
positioned at various points along the conduit 48 from 
the dialysate inlet 24 to the outlet 29. 
[0033] As is apparent from Fig. 1 , an inlet 8 for water 
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is provided which, in this description, is termed the in- 
coming flow. In addition, there is an outlet 29 for the con- 
sumed dialysate which, in this description, is denoted 
the outgoing flow. The incoming and outgoing flows lead 
to and come from the heat exchanger 10. 
[0034] In the dialysis machine, certain additions occur 
to the incoming flow. At the inlet 16, concentrate is in- 
troduced from an external container 6 which is added to 
the incoming flow. 

[0035] At the inlet 17, concentrate is added from a 
powder cartridge 5. Removal of a flow via a branch con- 
duit from the conduit 15 occurs simultaneously. The net 
addition via the inlet 17 is thus substantially zero since 
the same quantity is removed from the conduit 15 via 
the branch conduit as is added to the conduit 15 via the 
inlet 17. When the powder dissolves in the cartridge 5, 
substantially no, or a very small, volume change takes 
place, though the density and the heat capacity do alter. 
[0036] An addition of volume to the incoming flow oc- 
curs in the dialyser 2 in the form of the ultrafiltrate. It is 
this ultrafiltrate which is to be monitored according to 
the present invention. The ultrafiltrate is measured in the 
dialysis machine as a difference between the flow 
through the second measuring cell 27 and the flow 
through the first measuring cell 21. 
[0037] It will thus be apparent that the difference be- 
tween the incoming flow through the inlet 8 and the out- 
going flow through the outlet 29 consists of the addition 
of concentrate via the inlet 16 from the container 6, as 
well as the ultrafiltrate. 

[0038] In certain machines, the conduit 39 and the 
cartridge 5 are replaced by a container containing con- 
centrate. In this case, a net addition of a liquid volume 
to the incoming flow via the inlet 17 will of course occur. 
Other machines may have only one inlet corresponding 
to the inlet 16. Machines are also known which use sev- 
eral cartridges 5 with powder concentrate and only small 
quantities of liquid concentrate. 
[0039] An increase in the temperature of the incoming 
flow takes place on the primary side 11 of the heat ex- 
changer 10. This increase in temperature is measured 
by two temperature sensors 30, 31 which measure the 
temperature T 1 before the heat exchanger and the tem- 
perature T 2 after the heat exchanger, respectively. On 
the secondary side of the heat exchanger there are two 
temperature sensors 32, 33 which measure the incom- 
ing temperature T 4 to the secondary side of the heat ex- 
changer and the outgoing temperature T 5 . In addition, 
a further temperature sensor 34 is positioned after the 
heating device 14 to measure the outgoing temperature 
T 3 from the heating device. 

[0040] With the help of the temperature sensors 34 
and 31 as well as by measuring the energy addition to 
the heating device 14, the total incoming flow can be 
calculated. The calculation occurs with the above equa- 
tion (1). In order to obtain an accurate value of the flow, 
it may be necessary that the heating device 14 be heat 
insulated relative to the surroundings so that the sup- 



plied electrical power really is transferred to the liquid. 
Alternatively, or in addition, the supplied power can be 
compensated for by possible emissions to the surround- 
ings. 

5 [0041 ] Transfer of heat energy takes place in the heat 
exchanger from the secondary side of the heat exchang- 
er to its primary side. If the heat exchanger is well insu- 
lated, these quantities of heat energy are equally large. 
If the primary side is denoted by suffix 1 and the sec- 

10 ondary side denoted by suffix 2, the following equation 
is obtained according to the above equation (1): 

Q 1 x C 1 x AT 1 = Q 2 x C 2 x AT 2 (2) 

15 

If it is assumed that C^C^ and Q 2 =Q 1 +AQ 1 , the follow- 
ing equation is obtained: 

20 AQ 1 /Q 1 = (AT, - AT 2 )/AT 2 (3) 

[0042] AQ-, thus corresponds to the additions which 
takes place within the dialysis machine between the pri- 
mary side of the heat exchanger and its secondary side. 
25 These additions occur in Fig. 1 via the inlet 16, Q A , as 
well as the ultrafiltration, Qy, via the dialyser 2. The 
quantity which passes via the inlet 16 is known since the 
dosage pump 18 is very accurate. Thus, the quantity of 
ultrafiltration can be determined. 
30 [0043] In equation (3), it is assumed that the heat ca- 
pacity for the incoming flow, normally pure water, via the 
inlet 8 is the same as the heat capacity for the outgoing 
flow via the outlet 29. This is not totally correct since 
salts have been added via the inlets 16 and 17, which 
35 change the density of the liquid as well as to a certain 
extent its specific heat capacity. The additional flow via 
the dialyser 2 also changes these conditions somewhat. 
[0044] An analysis of equation (2) shows, however, 
that a small constant change of the heat capacity only 
40 gives a substantially constant addition to the calculated 
flow differential AQ, calculated according to equation (3) 
with a correction factor AC^ according to equation (4): 

45 ACyQ, = (1 - CVC 2 ) x AVAT;, (4) 

[0045] If AT 1 /AT 2 is constant, which is the case during 
measurement of a small flow differential AQ 1( the addi- 
tion will be approximately constant. 
50 [0046] The same applies if it is assumed that a fixed 
portion of the heat energy on the secondary side is emit- 
ted to the surroundings. The correction factor AQ p is 
thus determined by the following equation (5): 

55 

AQp/Q, = (1 - P^P,) x AT-,/AT 2 (5) 
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Accordingly, the ultrafiltration AQy is obtained according 
to the following equation (6): 

AQ 0 = AQ 1 - AQ A - AQ C - AQ p (6) 

[0047] The size of the correction factors can be meas- 
ured during start up of the dialysis machine with those 
parameters which are necessary for the dialysis treat- 
ment in question. 

[0048] It is to be noted that the heat capacity for the 
ingoing and outgoing liquid flow is also dependent on its 
oxygen content and the content of other gases, whereby 
account can also be taken of these factors. 
[0049] It is apparent from the above equations that the 
calculation is based on measurement of the differences 
between two or four temperatures. It is desirable to per- 
form necessary calculations in a computer. If the meas- 
ured temperatures are digitalized and the calculation of 
the difference is made in the computer, digitalization er- 
rors easily affect the result. In such case, A/D converters 
with very high resolution must be used which in principle 
integrate the measured temperature value over a rela- 
tive long period. 

[0050] Since it is A^ - AT 2 and AT 2 which are of in- 
terest, according to a preferred embodiment of the in- 
vention it is proposed to connect the temperature sen- 
sors according to Fig. 2. The temperature sensors which 
are employed consist of heat sensitive resistors, ther- 
mistors, in which the resistance is substantially propor- 
tional to the temperature. If these thermistors are con- 
nected in series in the manner as indicated in Fig. 2, AT 2 
and A^ - AT 2 respectively can be measured via adjust- 
ment of the switch 35. The thermistors T 2 , T 4 , T 3 and 
are connected in series and a common constant current 
•const passes through the thermistors. The current is 
generated by a constant current generator (not shown). 
[0051] The mid-point between the thermistors T 5 and 
T 4 is connected to the positive input of an OP amplifier 
36. The voltage which arises before the thermistor 
and after the thermistor T 2 respectively is fed via the 
switch 35 to the negative input of the OP amplifier 36. 
Thus, a voltage is obtained from the output of the OP 
amplifier 36 which corresponds to (-Tj - T 5 + T 4 + T 2 ) = 
AT 1 - AT 2 . By switching the switch 35 to the second po- 
sition, the voltage from the thermistor T 5 and thermistor 
T 4 respectively is fed to the OP amplifier 36 and the out- 
put thereof provides a voltage corresponding to (-Tj + 
T 4 ) = - AT 2 . The two attained voltages are fed to an AD 
converter 37 and further to a calculating computer 47. 
[0052] In the position shown in Fig. 2, A^ - AT 2 is 
measured which has a very much lower value than AT 2 
which is measured in the second position of the switch 
35. The switch 35 can be complimented by a furthe. sec- 
tion which alters the value of the resistance 38 which 
determines the amplification of the OP amplifier 36 so 
that the amplification increases by a suitable factor, for 



example by a factor 10. In this manner an AD converter 
37 with lower resolution can be used. 
[0053] By providing the computer 47 with measure- 
ment values of AT 2 and the difference AT t - AT 2 , the 

5 computer can calculate AT t and thus also the ratio AT t / 
AT 2 . This can be used to calculate AC^ and/or AQ p ac- 
cording to equation (4) and (5). This is assuming that 
the ratio C 1 /C 2 and/or P^IP 2 is known. The ratio C^IC 2 
is a function of the temperature of the incoming and out- 

'0 going liquid, their salt concentration and densities, dis- 
solved or dispersed gases in the liquids, as well as other 
factors. The calculating computer 47 can calculate this 
ratio, though sometimes needs further information such 
as the temperature of the incoming water J A or T 2 . 

15 [0054] If T 2 is measured, this can also be used to cal- 
culate Q 1f i.e. the incoming flow, by means of. using the 
above equation (1) and the heating device 14. T 3 is reg- 
ulated by the dialysis machine to a predetermined tem- 
perature, for example 38°C. Thus, if T 2 is known, then 

20 so too is the difference T 3 - T 2 across the heating device. 
By measuring the addition of power to this device, i.e. 
the current and voltage, the flow Q t can be calculated. 
[0055] Since temperature differences are of interest, 
it can be practical to employ a thermal element, a so- 

25 called thermocouple, where a voltage is attained across 
the thermocouple which is proportional to the tempera- 
ture difference between two points or joints. The thermal 
element uses the property that a potential difference 
arises at the junction between two conductors of differ- 

30 ent material, for example copper and iron. The potential 
difference is temperature-dependent. By using two junc- 
tion locations which have different temperatures, a volt- 
age arises across the thermocouple. In this manner, the 
voltage which arises can be digitalized and forms a 

35 measurement of AT 1 and AT 2 respectively. 

[0056] According to the invention, other methods can 
also be used for measuring the total incoming flow Q v 
for example by measuring the pressure difference 
across a throttling device or using some other flow me- 

to ter. It is also possible to use an estimated or nominal 
value, for example a value inputted by the user. 
[0057] A cross-section of a heat exchanger 10 and a 
heating device 14 is shown in Fig. 3 which may be used 
according to the present invention. The heat exchanger 

<5 10 consists of an outer sleeve 40 in the form of a tube. 
The inner surface of the tube is provided with a spiral- 
shaped groove 41 which runs from an inlet 42 to an out- 
let 43. The inlet 42 and the outlet 43 are provided with 
temperature sensors 32, 33. The spiral shaped groove 

50 41 is delimited inwardly by a metal cylinder 45. The thus 
described components together form the secondary 
side of the heat exchanger. 

[0058] Within the metal cylinder 45, an inner cylinder 
44 is located which is provided with threads 48. The 
55 threads 48 seal against the metal cylinder 45 and form 
a screw-shaped groove 49 which forms the primary side 
of the heat exchanger. An inlet 50 is provided with a tem- 
perature sensor 30 and an outlet 51 is provided with the 
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temperature sensor 31. 

[0059] The heating device 14 consists of the same 
outer sleeve 40 as the heat exchanger, though the metal 
cylinder 45 is replaced by a heating cartridge 52. The 
heating device 14 is located close to the heat exchanger 5 
10 so that the temperature sensor 31 can be regarded 
as measuring the input temperature to the heating de- 
vice 14. The heating device thus has an inlet 53 and an 
outlet 54, whereby the outlet is provided with the tem- 
perature sensor 34. 

[0060] The temperature sensors are of the type Pt 1 00 
(thermistor) and consist principally of a thin metal tube 
containing a heat sensitive resistor, as well as a connec- 
tion head through which connection conduits pass. 
[0061] In order to obtain an estimation as to how large 
the power losses to the surroundings are, a temperature 
sensor (not shown) can be used which measures the 
surrounding temperature within the dialysis machine 
and/or outside thereof. With the help thereof, the calcu- 
lating computer can estimate the power losses in the 
heat exchanger 10, the heating device 14 and the dial- 
ysis machine in general. 

[0062] It may also be possible to reduce the power 
loss to the surroundings by heating the heat exchang- 
er's surroundings to a temperature approaching the av- 
erage value of T 4 and T 5 . Thus, the heat exchanger 10 
can possibly attain a heat energy surplus from the sur- 
roundings. In certain applications, it is suitable to insu- 
late the heat exchanger 10 and/or the heating device 14 
by surrounding them with heat-insulating material of 
suitable thickness. 

[0063] In order to obtain necessary accuracy of the 
measurement of the flow differential via the heat ex- 
changer and according to the invention, it is necessary 
that sufficient temperature differences are attained 
across the heat exchanger, for example at least 5°C be- 
tween the inlet and the outlet on the primary side. This 
is normally not difficult to obtain since the temperature 
of the incoming flow is normally less than around 20°C. 
In warmer countries where the temperature can ap- 
proach 30°C, it can be problematic to achieve sufficient 
accuracy in measuring the flow differential. The calcu- 
lating computer 47 can thus be arranged to warn the 
user that the measurement of the ultrafiltrate is taking 
place with reduced accuracy. 
[0064] To obtain a practically useful measuring device 
for the flow differential of the ultrafiltrate, it can be suit- 
able to calibrate the measuring device every time it is 
used. This is possible to effect with the components 
which are normally present in the dialysis machine, in 
the dialysis machine according to Fig. 1 with the help of 
the dosage pump 18. 

[0065] During the start of a dialysis machine, the dia- 
lyser 2 is "primed" by allowing normal dialysis solution 
to pass on the dialysis side of the dialyser 2, whilst sterile 
salt solution passes on the blood side. In doing so, the 
dialysis machine is operated so that it produces dialysis 
solution with normal concentration via the dosage 



pumps 18 and 19. 

[0066] According to the present invention, calibration 
is attained in the following manner. The dialysis machine 
is started in a normal manner and the dialyser is 
"primed" whereby the dialysis machine attains normal 
operating temperatures. Thereafter the valves 22 and 
26 are switched so that the dialyser 2 is disconnected 
and a shunt valve 46 is connected in and shunts the di- 
alysate flow from the measuring cell 21 to the measuring 
cell 27. This connection is used to calibrate the meas- 
uring cells 21 and 27 to the same flow. 
[0067] By measuring the temperature differences in 
the heat exchanger 10 in this position, a fixed flow dif- 
ferential is obtained with regard to the inflow via the inlet 
16, AQ A , the difference in the heat capacity between the 
incoming flow and the outgoing flow AC^ as well as pow- 
er losses in the heat exchanger AQ p since the ultrafil- 
tration in this connection is zero. The three correction 
factors in the equation (6) can thus be determined. 
[0068] Thereafter the speed of the dosage pump 18 
is increased by a predetermined value, for example an 
increase of 10 ml/min. from, for example, about 15 ml/ 
min. to about 25 ml/min. This provides a simulation of 
an ultrafiltration of 10 ml/min. and the new value of AQ^ 
in the heat exchanger is read off by the calculating com- 
puter. In this manner, a calibration factor is attained 
which can be used for calculating the ultrafiltration in the 
subsequent measurings. 

[0069] By the addition of an extra quantity of concen- 
trate via the inlet 16, an increase in the heat capacity C 2 
and density of the outgoing flow is obtained. This 
change is however small and can be ignored or com- 
pensated for by the calculating computer. 
[0070] The correction factor which arises during this 
calibration can depend on possible original measuring 
errors in the measuring value of the total incoming flow 
Q 1 or diverse losses of other types. The calibration can 
also be used to obtain a nominal value of the incoming 
flow Q 1 which is later used in subsequent calculations, 
i.e. measuring of Q 1 is not required. 
[0071] In the above, measurement of the incoming 
flow Q 1 has been given which is normally preferred 
when the conditions are favourable for measurement of 
precisely that incoming flow. Nothing prevents the out- 
going flow Q 2 to be measured, (or estimated) if it should 
be preferred in a particular case. The different equations 
will in principal be the same as those give above but with 
altered suffixes. The use of the outgoing flow Q 2 as a 
basis for the calculations is obviously equivalent. 
[0072] The invention has been described above with 
the aid of preferred embodiments described with refer- 
ence to the drawings. The various properties and fea- 
tures can be combined in other ways than those given 
in the drawings, which will be obvious to the skilled per- 
son. Such modifications and changes are intended to 
be embraced by the scope of the invention as defined 
by the appended claims. 
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Claims 

1. Device for measuring the flow differential between 
incoming liquid flow to a dialysis machine and out- 
going liquid flow from a dialysis machine, whereby 
the dialysis machine comprises: 

a heat exchanger (10) for transfer of heat en- 
ergy from the outgoing (29) to the incoming (8) 
liquid flow, 

a connection (23,24) to a dialyser (2) for feed- 
ing of dialysis solution through the dialysate 
side of the dialyser, 

a device (20,28) for achieving an ultrafiltration 
in the dialyser, 

a plurality of temperature sensors for detection 
of the temperature of the dialysis solution, 

characterized by temperature sensors (30,31; 
32,33) for measuring the temperature differences 
across the primary side and secondary side respec- 
tively of the heat exchanger, and 

a first calculating means (47) for calculating 
the flow differential between the incoming and out- 
going liquid flows with help of said temperature dif- 
ferences. 

2. Device according to claim 1, characterized by a 
second calculating means (14,34,31) for calculating 
the total incoming or outgoing liquid flow with a ther- 
mal flowmeter, whereby the flow differential is cal- 
culated by the first calculating means with help of 
the equation: 

AQ = Qx (AT 1 - AT 2 )/AT 2 

where 

AQ = the flow differential 
Q = the liquid flow 

AT*! = temperature difference across one side of 
the heat exchanger 

AT 2 = temperature difference across the other 
side of the heat exchanger 

3. Device according to claim 1 or 2 in which the dialysis 
machine is provided with an inlet (16) for concen- 
trate, characterized by a first compensation means 
(37, 47) for compensation of the calculated flow dif- 
ferential for differences in the heat capacity be- 
tween incoming and outgoing liquid flows. 

4. Device according to any one of claims 1 -3, charac- 
terized by second compensation means (37, 47) 



12 

for compensating for the calculated flow differential 
for heat energy losses in the heat exchanger (10) 
and the dialysis machine (1). 

5 5. Device according to any one of claims 2-4, charac- 
terized in that the second calculating means for 
calculating the total incoming or outgoing liquid flow 
uses a nominal value of said liquid flow, for example 
a value of the desired flow inputted by the user. 

6. Device according to any one of claims 2-4, charac- 
terized in that the second calculating means for 
calculating the total incoming or outgoing liquid flow 
is arranged to measure the temperature difference 
across a heating device (14) and measures sup- 
plied power to the heating device, possibly compen- 
sated for losses to the environment, and in that the 
liquid flow is calculated with help of the equation: 

Q = k x P/AT 

where 

Q = the liquid flow 
k = a constant 

P = supplied power (possibly compensated) 
AT = temperature difference 

7. Device according to any one of claims 1 -6, charac- 
terized in that the heat exchanger (10) and the 
heating device (14) are provided with an insulating 
jacket. 

8. Method for calibrating of a device according to any 
one of claims 1-7 for measuring the flow differential 
between incoming liquid flow to a dialysis machine 
and outgoing liquid flow from a dialysis machine, 
whereby the dialysis machine comprises: 

a heat exchanger (10) for transfer of heat en- 
ergy from the outgoing (22) to the incoming (8) 
liquid flow, 

an inlet (16) for a concentrate solution (6), 
a connection (23,24) to a dialyser (2) for meas- 
uring the dialysis solution through the dialysate 
side of the dialyser, 

a device (20,28) for attaining an ultrafiltration in 
the dialyser, 

a plurality of temperature sensors for measur- 
ing temperature differences, characterized by 
disconnecting the ultrafiltration in the dialyser 
by means of a shunt arrangement (22,24,46) 
during normal operation of the dialysis machine 
with a view to preparation and administration of 
the dialysis solution; 

altering the quantity of supplied concentrate so- 
lution (6) via said inlet (16) and calibrating the 
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device for measuring the flow differential by 
means of said alteration which simulates a 
known ultrafiltration. 



Patentanspruche 

1. Vorrichtung zum Messen der Durchflussdifferenz 
zwischen einer hereinkommenden Flussigkeits- 
stromung in eine Dialysemaschine und einer her- 
ausgehenden Flussigkeitsstromung aus einer Dia- 
lysemaschine, wobei die Dialysemaschine umfasst: 

einen Warmetauscher (10) zur Ubertragung 
von Warmeenergie von der herausgehenden 
(29) zur hereinkommenden (8) Flussigkeits- 
stromung, 

einen Anschluss (23, 24) zu einem Dialysator 
(2), urn Dialyselosung durch die Dialysatseite 
des Dialysators zuzufuhren, 
eine Vorrichtung (20, 28) zum Erzielen einer Ul- 
trafiltration in dem Dialysator, 
eine Vielzahl von Temperatursensoren zur De- 
tektion der Temperatur der Dialyselosung, 

gekennzeichnet durch 

Temperatursensoren (30, 31; 32, 33), urn die 
Temperaturdifferenzen uber die Primarseite bzw. 
die Sekundarseite des Warmetauschers hinweg zu 
messen, und 

ein erstes Berechnungsmittel (47), urn die 
Durchflussdifferenz zwischen den hereinkommen- 
den und herausgehenden Flussigkeitsstromungen 
unter Zuhilfenahme der Temperaturdifferenzen zu 
berechnen. 

2. Vorrichtung nach Anspruch 1 , 
gekennzeichnet t durch ein zweites Berechnungs- 
mittel (14, 34, 31), urn die gesamte hereinkommen- 
de Oder herausgehende Flussigkeitsstromung mit 
einem thermischen Durchflussmesser zu berech- 
nen, wobei die Durchflussdifferenz von dem ersten 
Berechnungsmittel unter Zuhilfenahme der folgen- 
den Gleichung berechnet wird: 

AO = Q x (AT 1 - AT 2 )/AT 2 

wobei 

AQ = die Durchflussdifferenz 

Q = die Flussigkeitsstromung 

AT 1 = die Temperaturdifferenz uber eine Seite 

des Warmetauschers hinweg 
AT 2 = die Temperaturdifferenz uber die andere 

Seite des Warmetauschers hinweg. 

3. Vorrichtung nach Anspruch 1 oder 2, bei der die 



Dialysemaschine mit einem Einlass (16) fur Kon- 
zentrat versehen ist, gekennzeichnet durch ein er- 
stes Kompensationsmittel (37, 47) zur Kompensa- 
tion der berechneten Durchflussdifferenz in Bezug 
5 auf Differenzen in der Warmekapazitat zwischen 
hereinkommenden und herausgehenden Flussig- 
keitsstromungen. 

4. Vorrichtung nach einem der Anspruche 1 bis 3, ge- 
kennzeichnet durch ein zweites Kompensations- 
mittel (37, 47) zum Kompensieren der berechneten 
Durchflussdifferenz in Bezug auf Warmeenergie- 
verluste in dem Warmetauscher (10) und der Dia- 
lysemaschine (1). 

5. Vorrichtung nach einem der Anspruche 2 bis 4, 
dadurch gekennzeichnet, dass das zweite Be- 
rechnungsmittel zum Berechnen der gesamten her- 
einkommenden oder herausgehenden Flussig- 
keitsstromung einen Nennwert der Flussigkeits- 
stromung, beispielsweise einen von dem Benutzer 
eingegebenen Wert der Soll-Strdmung, verwendet. 

6. Vorrichtung nach einem der Anspruche 2 bis 4, 
dadurch gekennzeichnet, dass das zweite Be- 
rechnungsmittel zum Berechnen der gesamten her- 
einkommenden oder herausgehenden Flussig- 
keitsstromung derart eingerichtet ist, dass es die 
Temperaturdifferenz uber eine Heizvorrichtung (14) 
misst und die der Heizvorrichtung zugefuhrte Lei- 
stung misst, die moglicherweise in Bezug auf Ver- 
luste an die Umgebung kompensiert ist, und dass 
die Flussigkeitsstromung unter Zuhilfenahme der 
folgenden Gleichung berechnet wird: 

Q = k x P/AT 

wobei 

Q = die Flussigkeitsstromung 
k = eine Konstante 

P = zugefuhrte Leistung (moglicherweise kom- 
pensiert) 
AT = Temperaturdifferenz. 

7. Vorrichtung nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, dass der Warmetau- 
scher (10) und die Heizvorrichtung (14) mit einem 
isolierenden Mantel versehen sind. 

8. Verfahren zum Kalibrieren einer Vorrichtung nach 
einem der Anspruche 1 bis 7 zum Messen der 
Durchflussdifferenz zwischen einer hereinkom- 
menden Flussigkeitsstromung in eine Dialysema- 
schine und einer herausgehenden Flussigkeitsstro- 
mung aus einer Dialysemaschine, wobei die Dialy- 
semaschine umfasst: 
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un debitmetre thermique, moyennant quoi le debit 
differentiel est calcule par les premiers moyens de 
calcul a Taide de r equation : 

AQ = Q x (AT, - AT 2 )/ AT 2 

ou 

AQ = le debit differentiel 
10 Q = le debit de liquide 

AT, = la difference de temperature sur un cote 
de I'echangeur de chaleur 

AT 2 = la difference de temperature sur I'autre 
cote de I'echangeur de chaleur. 

15 

3. Dispositif selon la revendication 1 ou 2 dans lequel 
la machine de dialyse est prevue avec une entree 
(16) pour le concentre, caracterise par des pre- 
miers moyens de compensation (37, 47) pour la 

20 compensation du debit differentiel calcule pour les 
differences dans la capacite thermique entre les de- 
bits de liquide entrant et sortant. 

4. Dispositif selon Tune quelconque des revendica- 
25 tions 1 -3, caracterise par des seconds moyens de 

compensation (37, 47) pour la compensation con- 
cernant le debit differentiel calcule pour les pertes 
d'energie thermique dans I'echangeur de chaleur 
(10) et dans la machine de dialyse (1). 

30 

5. Dispositif selon I'une quelconque des revendica- 
tions 2-4, caracterise en ce que les seconds 
moyens de calcul pour calculer le debit de liquide 
entrant ou sortant utilisent une valeur nominale du- 

35 dit debit de liquide, par exemple une valeur du debit 
desire introduite par I'utilisateur. 



einen Warmetauscher (10) zur Ubertragung 
von Warmeenergie von der herausgehenden 
(22) zur hereinkommenden (8) Flussigkeits- 
strdmung, 

einen Einlass (16) fur eine Konzentratlosung 
(6). 

einen Anschluss (23. 24) zu einem Dialysator 
(2) zum Messen der Diaiyseldsung durch die 
Dialysatseite des Diatysators, 
eine Vorrichtung (20, 28) zum Erzielen einer Ul- 
trafiltration in dem Dialysator, 
eine Vlelzahl von Temperatursensoren zum 
Messen von Temperaturdifferenzen, dadurch 
gekennzeichnet, dass 
die Ultrafiltration in dem Dialysator mittels einer 
Abzweigungsanordnung (22, 24, 46) wahrend 
eines normalen Betriebes der Dialysemaschi- 
ne in Hinblick auf die Aufbereitung und Verab- 
reichung der Dialyselosung getrennt wird; 
die Menge an zugefuhrter Konzentratlosung (6) 
uber den Einlass (16) verandert und die Vor- 
richtung zum Messen der Durchflussdifferenz 
mittels der Veranderung, die eine bekannte Ul- 
trafiltration simuliert, kalibriert wird. 



Revendications 

1 . Dispositif pour mesurer le debit differentiel entre le 
debit de liquide entrant vers une machine de dialyse 
et le debit de liquide sortant d'une machine de dia- 
lyse, moyennant quoi la machine de dialyse 
comprend : 

un echangeur de chaleur (10) pour le transfert 
de I'energie thermique du debit de liquide sor- 
tant (29) vers le debit de liquide entrant (8), 
un raccord (23, 24) vers un dialyseur (2) pour 
I'alimentation de la solution de dialyse a travers 
le cote du dialysat du dialyseur, 
un dispositif (20, 28) pour effectuer une ultrafil- 
tration dans le dialyseur, 
une plurality de capteurs de temperature pour 
la detection de la temperature de la solution de 
dialyse, 

caracterise par des capteurs de temperature 
(30, 31 ; 32, 33) pour mesurer les differences de 
temperature sur le cote primaire et le cdte secon- 
dare respectivement de I'echangeur de chaleur, et 

des premiers moyens de calcul (47) pour cal- 
culer le debit differentiel entre les debits de liquide 
entrant et sortant a I'aide desdites differences de 
temperature. 

2. Dispositif selon la revendication 1 , caracterise par 
des seconds moyens de calcul (14, 34, 31) pour cal- 
culer le debit de liquide entrant ou sortant total avec 



6. Dispositif selon Tune quelconque des revendica- 
tions 2-4, caracterise en ce que les seconds 

40 moyens de calcul pour calculer le debit de liquide 
entrant ou sortant total sont disposes pour mesurer 
la difference de temperature sur un dispositif de 
chauffage (14) et mesurent I'energie fournie au dis- 
positif de chauffage, compensee si possible des 

45 pertes vers I'environnement, et en ce que le debit 
de liquide est calcule a I'aide de I'equation : 

Q = k x P/AT 

50 

ou 

Q = le debit de liquide 
k = une constante 

P = I'energie fournie (compensee si possible) 
55 AT = la difference de temperature 

7. Dispositif selon I'une quelconque des revendica- 
tions 1-6, caracterise en ce que I'echangeur de 
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chaleur (10) et le dispositlf de chauffage (10) sont 
prevus avec une chemise isoiante. 

Precede pour calibrer un dispositif selon Tune quel- 
conque des revendications 1 -7 pour mesurer le de- 5 
bit differentiel entre le debit de liquide entrant vers 
une machine de dialyse et le debit de liquide sortant 
d'une machine de dialyse, moyennant quoi le ma- 
chine de dialyse comprend : 

to 

un echangeur de chaleur (10) pour le transfer! 
de I'energie thermique du debit de liquide sor- 
tant (22) vers le debit de liquide entrant (8) t 
une entree (16) pour une solution concentree 
(6). « 
un raccord (23, 24) vers un dialyseur (2) pour 
mesurer la solution de dialyse a travers le cote 
de diafysat du dialyseur, 
un dispositif (20, 28) pour atteindre une ultrafil- 
tration dans le dialyseur, 20 
une pluralite de capteurs de temperature pour 
mesurer les differences de temperature, carac- 
te>is6 par les etapes consistant a 
d6connecter rultrafiltration dans le dialyseur au 
moyen d'un dispositif de derivation (22, 24, 46) 25 
pendant le fonctionnement normal de la machi- 
ne de dialyse en vue de la preparation et de 
('administration de la solution de dialyse ; 
modifier la quantite de la solution concentree 
(6) delivr§e via ladite entree (16) et calibrer le 30 
dispositif pour mesurer le debit differentiel au 
moyen de ladite modification qui imite une ul- 
trafiltration connue. 
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